27 Young adult APOE-ε4 carriers show increased activity in posterior regions of 28 the default mode network (pDMN), but how this is related to structural 29 connectivity is unknown. Thirty young adults (half APOE-ε4 carriers, the other 30 half APOE-ε3ε3/ε2ε3; mean age 20 years) were scanned using both diffusion 31 and functional magnetic resonance imaging. Diffusion tractography was used 32 to quantify the microstructure (mean diffusivity, MD; fractional anisotropy, FA) 33 of the parahippocampal cingulum bundle (PHCB), which links pDMN and the 34 medial temporal lobe. APOE-ε4 carriers had lower MD and higher FA relative 35 to non-carriers in PHCB. Further, PHCB microstructure was selectively 36 associated with pDMN activity during a scene discrimination task known to be 37 sensitive to Alzheimer's disease (AD). These findings are consistent with a 38 lifespan view of AD risk, where early-life structural and functional brain 39 changes in specific, vulnerable networks leads to increased neural activity 40 that may ultimately trigger amyloid-ß deposition. 41 42
4 a link between neural activity/connectivity and amyloid-ß, a study in 77 transgenic mice (Bero et al., 2011) reported that interstitial amyloid-ß levels 78 were associated with increased markers of neural activity, and this, in turn, 79 predicted amyloid-ß deposition, particularly in pDMN ((Bero et al., 2011) ; see 80 also (Yamamoto et al., 2015) ). A further study showed that region-specific 81 levels of functional connectivity in young Aß-mice was proportional to the 82 degree of amyloid-ß burden in older animals (Bero et al., 2012) . Similarly, 83 human neuroimaging studies have reported associations, within-subjects, 84 between the degree of baseline pDMN functional connectivity and subsequent 85 amyloid-ß load in both mild cognitive impairment (MCI) (Myers et al., 2014) 86 and cognitively-normal older adults (Jack and Holtzman, 2013) . While these 87 studies suggest that functional properties may drive pathological markers, it 88 could reflect a later-life compensatory response induced by early amyloid-ß 89 burden in key networks (Jagust and Mormino, 2012; Jones et al., 2016) . 90 
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If later-life amyloid-ß deposition in pDMN is associated with increased 92 functional activity/connectivity across the lifespan, then alterations may be 93 evident in younger individuals at elevated risk of AD. Further, as amyloid-ß 94 deposition is highly unlikely in young adults (de Haan et al., 2012; Mormino, 95 2014), this approach addresses a key limitation of studies in elderly 96 individuals where compensatory functional activity may reflect early pathology 97 (Jagust and Mormino, 2012) . The APOE-ε4 allelle is the strongest genetic risk factor for both sporadic early 100 and late-onset AD (Liu et al., 2013) and is strongly linked to amyloid-ß 101 5 accumulation in later life (Gonneaud et al., 2016) . Functional magnetic 102 resonance imaging (fMRI) studies have typically found that young APOE-ε4 103 carriers show increased activity, relative to non-carriers, in pDMN and inter- 104 connected medial temporal lobe (MTL) regions (Dennis et al., 2010; Filippini 105 et al., 2009; Shine et al., 2015) . APOE-ε4 carriers have also been shown to 106 have greater intrinsic functional connectivity in the DMN during "rest" (Filippini The major white matter connection linking pDMN with MTL (particularly 117 parahippocampal cortex) (Greicius et al., 2009; Heilbronner and Haber, 2014) 118 is the parahippocampal cingulum bundle (PHCB). Studies applying diffusion 119 magnetic resonance imaging (dMRI) -a method allowing in vivo quantification 120 of white matter microstructure -have reported greater mean diffusivity (MD) 121 and lower fractional anisotropy (FA) in the PHCB of cognitively-normal older 122 APOE-ε4 carriers compared to non-carriers (Heise et al., 2014) . One cross-123 sectional dMRI study found that young adult APOE-ε4 carriers had higher 124 PHCB FA but showed a steeper decline across life, leading to relative FA 125 reduction relative to non-carriers from mid-life onwards ((Felsky, 2013) ; see 126 6 also (Brown et al., 2011) ). Disruption of this pathway is also seen in both MCI 127 and AD (Mito et al., 2018; Rieckmann et al., 2016) , and has been linked to 128 pDMN activity/metabolism in AD (Villain et al., 2008) and amyloid-ß burden in 129 preclinical AD (Racine et al., 2014) . Overall, these studies point toward the 130 potential early-life vulnerability of a broader posterior network that is 131 structurally underpinned by the PHCB (Greicius et al., 2009) . Further, they 132 support the view that increased brain activity over the lifespan -driven by 133 structural connectivity -leads to amyloid-ß deposition, and ultimately results in who are unlikely to harbor amyloid burden, influences PHCB tissue 149 microstructure. Given evidence that young APOE-ε4 carriers show elevated 150 pDMN activity at rest and during tasks (Shine et al., 2015) , we predicted that 151 7 APOE-ε4 carriers would show greater FA and lower MD in the PHCB, 152 compared to non-carriers. Finally, to demonstrate a link between activity and 153 connectivity, as predicted by an LSV view of AD risk, we examined whether 154 inter-individual variation in PHCB tissue microstructure was associated with 155 pDMN activity during a scene discrimination task that is sensitive to early AD 156 (Lee, 2006) . were compared directly using directional Welch t-tests in R. We also report 226 Default JZS Bayes Factors for our key analyses, computed using JASP 227 (https://jasp-stats.org). The Bayes factor, expressed as BF 10 , reflects the 228 strength of evidence that the data provide for the alternative hypothesis (H1) 229 relative the null (H0). A BF 10 much greater than 1 allows us to conclude that 230 there is substantial evidence for the alternative versus the null hypothesis 231 (Wagenmakers et al., 2017) . 234 Voxel-wise statistical analysis of the dMRI data was carried out using TBSS 235 (Smith et al., 2006) . This method involves non-linearly projecting subjects' can be found in Shine et al. (Shine et al., 2015) . Five participants were 251 excluded from the fMRI analysis due to subject motion (4 subjects) and 252 scanner error (1 subject) resulting in a final sample of 25 participants (13 253 carriers & 12 non-carriers). The fMRI measure-of-interest was the BOLD 254 response (percent signal change) in the pDMN during a perceptual 'odd-one-255 out' discrimination task for scenes and faces ( Figure 1A) . The pDMN ROI was 256 defined independently using a different cognitive task (short-term memory); 257 this analysis confirmed a significant group difference (carriers > non-carriers) 258 during scene short-term memory in pDMN (Shine et al., 2015) . Individual Figure 1B) . While there was a 274 strong trend for PHCB FA in the predicted direction, the between-group 275 12 difference just failed to reach significance (t (28) = 1.69, p = 0.051, d = 0.62, 276 BF 10 = 1.83; Figure 1B ). difference was found between carriers and non-carriers for PHCB MD, though 282 with a slightly larger effect size (t (26) = 2.42, p = 0.012, d = 0.92, BF 10 = 5.5).
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A significant difference was also found for PHCB FA (t (26) = 2, p = 0.03, d = 284 0.75, BF 10 = 2.82). 296 To examine the functional relevance of these structural connectivity metrics, 297 we tested whether inter-individual variation in PHCB microstructure (MD, FA) 298 was associated with fMRI response in the pDMN during an 'odd-one-out' 299 discrimination task for scenes and faces (Shine et al., 2015) . Across all 300 13 subjects, we found a significant negative association between PHCB MD and 301 scene activity (vs. "size" baseline) in the pDMN (r = -0.51, p = 0.01, BF 10 = 302 12.1, 95% BCI [-0.73, -0.13]; Figure 1C ). There was no significant association 303 between MD and face activity (r = -0.03, p = 0.01, BF 10 = 0.29, 95% BCI [-304 0.45, -0.01]). A one-tailed Steiger Z test revealed a significant difference 305 between these coefficients (z = 2.5, p < 0.01). For PHCB FA, we likewise 306 observed a significant association with scene, but not face, pDMN BOLD 307 response (scene: r = 0.49, p = 0.01, BF 10 = 8.87, 95% BCI [0.12, 0.72]); face: 308 r = 0.12, p = 0.01, BF 10 = 0.41, 95% BCI [-0.45, -0.01]; Figure 1C ). The 309 correlation between PHCB FA and scene activity was significantly greater 310 than the correlation with face activity (z = 2, p = 0.02). The pDMN has been labelled the brain's epicenter (Hagmann et al., 2008) , 326 given its disproportionately high structural/functional connectivity (Buckner et 327 al., 2009; Hagmann et al., 2008) . This region is also one of the first brain (Douaud et al., 2011) . This would lead to a 384 reduction in fiber complexity and a concomitant increase in local anisotropy. 385 Given that these APOE-ε4 carriers will not harbor amyloid-ß (Mormino, 2014), 386 however, this neuropathological interpretation seems highly unlikely. Further, 387 the pattern reported here is opposite to that seen typically in older individuals, 388 where studies have shown reported lower FA/higher MD in individuals with 389 AD and MCI ((Mito et al., 2018; Rieckmann et al., 2016) higher FA, in this pathway -the opposite effect to that seen in cognitively-451 normal older APOE-ε4 carriers (Felsky, 2013) . By combining dMRI and BOLD 452 fMRI measures, we showed that inter-individual variation in PHCB 453 microstructure (increased FA/decreased MD) was linked to increased pDMN 454 activity during a scene discrimination task that is affected in AD (Lee, 2006) . 455 These findings support a LSV model of AD risk, whereby connectivity- 
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